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Abstract: One of the most important production issues in oil fields is high water production which 
may lead to wells killing and reduction in an economical production period. With the increment of 
water production or decrease of reservoir pressure, reservoir drawdown pressure reduces which causes 
reduction in oil production rate. To preserve the reservoir production, we should apply one of the 
proposed methods; namely, increasing the reservoir pressure, preventing water source invasion or using 
artificial lift technique. To compensate this reduction, continuous gas injection into the wells can be 
used. The injected gas combines with fluid in tubing and the density of the fluid decreases, thereby 
reducing the hydrostatic pressure loss along the flow path. By utilizing this method fluid can be 
produced in low flowing pressure through tubing. In this study, the offshore R-1 well was revived 
using artificial lift methodology to achieve incremental reserve recovery after the well had stopped 
producing due to water production. In this oilfield, as the water cut reaches at 50%, the wells die. A 
common solution to overcome this hydrostatic pressure is to utilize some sort of artificial lift via gas 
lift or pumping. Due to high water production of the wells, abundance of gas and low operating cost, 
we propose gas lift technique as the best solution. By an accurate gas lift design, we can have a rational 
production from the well with high water cut even more than 90%. Implementation of this method, 
allows oil production as reserves are depleted and the oil water contact moves up. The present results, 
established through simulation, seem to be reasonable according to validity comparison with the field 
data, and hence may be generalized to the other wells with similar conditions. 
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INTRODUCTION 

 
 In the early phase of their production lifetime, the majorities of oil wells flow naturally and are referred to 
as flowing wells. As the reservoir is depleted or water cut is increased, the drawdown pressure in the well 
decreases so that in the late phase of the production lifetime of the well, it ceases to flow naturally. To be able to 
produce from a well that does not flow naturally, or to increase production from a well that flows poorly, 
artificial lift needs to be introduced.  
 Different methods for artificial lift are available, and they can be divided into two main categories: gas-lift, 
which is investigated in this paper as well as the pumping. The gas-lift is a common technique where there are 
enough natural gas resources (A. Taheri and A. Hooshmandkoochi, 2006). 
 Continuous gas lift is cost effective, easy to implement, and very effective in a wide range of operating 
conditions, in addition to requiring less maintenance in comparison to the other alternatives, and is considered as 
one of the most typical forms of artificial lift in oil production (S. Ayatollahi et al., 2004). The main idea in gas-
lift technology is that by compressing gas at the surface and injecting it as deep as possible into the well, the 
density of the fluid decreases, thereby reducing the hydrostatic pressure loss along the flow path. Due to the 
reduced pressure drop in the well, the pressure in the bottom of the well becomes sufficiently low to continue 
production, in other words, the injection of gas at the riser base mixes with and lightens the oil and hence 
enhances the production rate (A. Szucs and F. Lim, 2005). This method is favorable for offshore fields due to 
flexibility in its production rates, ability to handle corrosive fluids, suitable for high temperature (M.A. Naguib 
et al., 2000). 
 Continuous gas-lift is the most common artificial lift method employed in offshore operations (E. 
Khamechi and F. Rashidi, 2009). Because of the abundance of gas and low operating cost, the gas-lift is one of 
the major artificial lift systems used extensively around the world and the most common system of artificial lift 
used in offshore fields in Iran. It is suitable for offshore fields due to flexibility in its production rates, ability to 
handle corrosive fluids, suitable for high gas oil ratio and high temperature wells and compatibility with sand 
production.  
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 For all the above, the gas lift is the preferable technique for artificial lift in offshore field we analyzed. This 
method uses two major sources to provide gas needed so as to inject through tubing. One of them is to use gas 
inside the gas cap (natural gas lift) (A.A. Al-Somali and S.A. Al-Aqeel, 2007). Another source is to use a 
suitable selective gas. 
 
Effect of Major Factors on Choice of the Most Economical Injection Gas Pressure: 
Bubblepoint and Solution Gas-Oil Ratio of the Produced Oil: 
 Both bubblepoint pressure and solution gas-oil ratio of the produced oil establish the amount of free gas 
illustrates in the oil flow at any pressure and temperature condition (P.M. Kilonzo and A. Margaritis, 2004). The 
amount of free gas usually depicts the most important factor in determining the pressure gradient of the flowing 
fluid. All gas that is injected into the saturated crude oil system can be expected to remain in the free state. In an 
undersaturated situation accompanied by low-bubblepoint crude oil systems, the injection of free gas into the 
fluid column results in increasing the bubblepoint pressure of the mixture, thereby lowering the depth where the 
free gas is present. 
 
Watercut: 
 In a situation where the watercut of a well increases, larger amounts of gas should be required to 
supplement the relatively lower amount of gas the well produces with the formation oil. The deeper injection of 
this gas into the well flow will result in greater reservoir pressure drawdown. 
 
Injection Gas Characteristics: 
 The static head of the heavier gas provides a higher downhole injection pressure than does the lighter gas 
for an equivalent surface injection pressure (J.R. Blann, J.D. Williams, 1984). A comparison of pressures at 
6,900 ft [2103 m] vertical for 0.65 and 0.90 specific gravity gases is shown in Table 1 (J.R. Blann, J.D. 
Williams, 1984). It is obvious from Table 1, in comparison to the lighter gas, the heavier gas requires a lower 
surface pressure, but a higher injection volume per barrel of fluid lifted. As can be concluded, in order to 
produce a barrel of fluid lower volumes of the lighter gas and higher surface pressure actually may require less 
compression horsepower compared with the heavier gas. 
 
Table 1: Effect of Injection gas specific gravity on gas injection pressure and rate. 

Compressor BHP 
Gas injection rate (MM 

scf/d) 
Injection pressure (PSI) Injection gas specific gravity 

195 1.5 1300 
0.65 

78 0.5 2000 
200 1.7 1100 

0.9 
80 0.59 1725 

 
Aim of our Study: 
 The offshore R-1 well was revived using artificial lift methodology to achieve incremental reserve recovery 
after the well had stopped producing due to water production. The R-1 well was previously drilled into the X 
reservoir where the reservoir is supported by a strong aquifer. In this oilfield, as the water cut reaches at 50%, 
the wells die. A common solution to overcome this hydrostatic pressure is to utilize some sort of artificial lift via 
gas lift or pumping. To increase the reserve recovery for R-1 well, the method of gas lift chosen to restore 
production. By utilizing this method, allowing oil production as reserves are depleted and the oil water contact 
moves up.  
 
Case Study of Well R-1 from Oil Field in Iran: 
 Production history in this field is the key indicator of productive decrease due to the high water production 
of wells. Water production from many of the wells in studied field causes the alternative production of some 
wells and also ultimate stopping of some other wells in this field. 
 Reservoir depth is near to 2400 meter and API is near to 19. By considering these conditions wells will be 
abundant in case of water productivity more than 50 percent. In order to remove this problem and resume having 
production from these wells, we can use the gas lift technique with a suitable design. Meantime the reservoir 
pressure at the present condition is 3250 Psi which is 750 psi more than the bubble point pressure. 
 As evident from Fig. 1 and 2, in condition of well head pressure more than 400 psi and reservoir pressure 
3200 psi, productive wells would be abundant in case of water productivity among 50 to 55 percent. 
 
Gas Lift Design: 
 As it was observed in previous section in condition of reservoir pressure 3100 Psi and water productivity 50 
percent, well R-1 cannot produce and we should use artificial lifting technique inevitably. 
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 After calculation of gas lift design, plot of Fig. 3 will be extracted. As can be concluded from Fig. 3, by 
increasing the amount of injection gas (Sp. Gr. = 0.88), oil production increases and then decreases. By amount 
of 2.5 MMcf/day Gas injection, oil production from well R-1 will be increased up to 1500 bbl/day. In case of 80 
percent water productivity, by increasing amount of gas injection, it has small effect on oil production that it's 
the characteristic point called Economical Optimum Point. This optimum rate is renowned as over injection. 
After this point well fluid density reduction due to higher amount of injection gas is equal to friction force 
increase due to higher amount of passing fluid volume through tubing. As the rate of injection gas increases, 
friction force has more predominant effect than hydrostatic pressure reduction. At this point, the maximum 
amount of well production rate can be achieved. By increasing gas pressure, effect of gas injection on 
production decreases until in a special injection rate, that is if the gas injection rate increases, the effect on 
production will be inversed. 
 

 
 

Fig. 1: Plot of IRR/VLP curve of well R-1 at reservoir pressure 3200 Psi in diverse water productivity (natural 
flow). 

 

 
 

Fig. 2: Plot of IRR/VLP curve of well R-1 at reservoir pressure 3100 Psi in diverse water productivity (natural 
flow). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Performance curve of Well. X. 
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Results: 
 Now it wanted to look into effect of changing water productivity percentage on net well production. 
According to table 2 based on diverse water productivity percentage (50, 60, 70, 80 and 90), the amount of oil 
production is indicated in Fig. 4. 
 Effect of reservoir pressure changing on production of well R-1 in case of water productivity 80 percent has 
been shown in Fig. 5. 
 
Table 2: Net oil rate of well X in diverse water productivity. 

Oil Rate bbl/d WC % 
4750 50 
3546 60 
2449 70 
1480 80 
676 90 

 
 

 
 
Fig. 4: Plot of IPR/VLP curve of well X in diverse water peroductivity. 

 

 
 
Fig. 5: Plot of VLP/IPR curve of well X in three diverse pressures with injective rate 2.5 MMcf/d. 
 
Conclusions: 
 In constant well head pressure injection, heavier injective gas causes more pressure gradient. But in order to 

lift a barrel of liquid in compare to lighter gas, higher amount of gas is required.  
 Wells with higher water productivity require higher amount of injective gas due to the shortage of solution 

gas. 
 We can produce economically from the wells of field even though with water productivity 90 percent, by a 

suitable design of gas lifting. 
  According to optimum design of gas injection into well R-1, optimum injection rate is 2.5-3 MMcf/d. 
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 By increasing the amount of injection gas, oil production will be increased then it will be reduced due the 
friction force increase in tubing. 
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